The variation with temperature of the mobility of Li+ ions in helium, K + ions in argon, Rb+ ions in krypton and Cs+ ions in xenon has been measured over a considerable range of temperature. Comparison of the results with existing classical theories suggests that the approximate agreement found by Pearce over a similar range of temperature for Cs+ and Na+ in He does not hold in general. A quantum mechanical treatment for each individual case seems to be required and for this purpose the experimental data here recorded should be of value.
In view of the value of information on the variation of the mobility of a gaseous ion in the theoretical development of the subject, data were obtained by Tyndall and Pearce (1935) for He+ in He, N 2+ in N 2 and by Pearce (1936) for Na+ and Cs+ in He.
The present paper describes the extension of the experiments to ions and atoms of similar electronic structure, i.e. Li+ in He, K+ in A, Rb+ in K r and Cs+ in Xe.
The method employed was that used in the previous work and the apparatus and procedure was similar to th at used by Pearce. The only important changes were th at ion glass sources were used and precautions to exclude gas impurity increased (Munson and Tyndall 1939) .
The experiments were made over as wide a range of temperature as possible. The lower limit was set by the nature of the gas and the cold jacket temperatures conveniently available. Thus helium was investigated down to liquid hydrogen temperature, but xenon could not be used below solid C0 2 temperature because its saturation pressure is then too low. The upper limit was set by unsteadiness in the electrometer behaviour due to strain set up in the insulating distance pieces or by the electrical condition through the hot pyrex glass.
All the values, with one exception (K+ in A at 460° K), were determined by several runs at various values of field E and pressure p, the value finally quoted being given by extrapolation to E\p = 0.
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R esults
The results are collected in table 1 in which is the mobility a t constant (normal) pressure and kp a t constant density. Thus kp = kp 291/T . The values of kp are also shown graphically in figure 1 for convenience on a logarithmic scale. In figure 1 a full lines give Li+ in He together with the previous experimental results of Pearce (1936) for Na+ and Cs+ in He. For reasons given later, the Cs+ graph is repeated with a different origin in the upper half of figure 1 a, and the scale omitted. Figure 1 b gives the results in the other gases. I t will be noted that in Pearce's result for Cs+ in He k passed through a maximum within the experimental range of temperature. If a corresponding maximum occurs for Cs+ in'X e it must be very flat because no change in kp was detectable within the range of temperature available, 195-450° K. The mobility of Rb+ in K r at constant density also appears to reach a constant value as the temperature is raised. Except for the highest point in the K+ in argon graph the values for both K+ in A and Li+ in He are still rising even at the highest temperatures. The highest point for K+ in A could not be checked, owing to great electrometer unsteadiness, whereas the other points were repeated several times. The suggested maxi mum in this graph is therefore doubtful. At the temperature of liquid hydrogen any error in assuming that the mean temperature of the gas is the same as that of the bath is magnified five times. The lowest point for Li+ in He. is therefore, if anything, somewhat too high. Indeed there is some evidence that the gas temperature there exceeded th at of the bath by 1*3°. If so the value of ka t the lowest temperature should be 
D iscussio n
Theoretically it should be possible to develop a general wave mechanical treatment of the mobility problem in terms of known laws of force; but it would be very laborious. Since electron exchange does not take place between an alkali ion and an inert gas atom it has previously been suggested th at in such cases one might not go seriously wrong by substituting a classical model. There are two such models available: (a) Langevin's theory in which ions and atoms are assumed to be elastic spheres, the atoms being polarized in the field of the ion, and ( b) Hasse and Cook's theory spheres are replaced by point centres of attractive and repulsive force each varying by an inverse power law with distance. For mathematical con venience the powers were assumed to be 5 and 9 respectively. Clearly Langevin's model is relatively crude but it is interesting to note th at at room temperature it gives absolute values for the mobility of all the alkali ions in all the inert gases agreeing with the experimental results to within the order of 5 % (Tyndall 1938). One objection to Hasse and Cook's model is that a model of this character applied to collisions between neutral atoms can only be fitted to experiment by using a power of repulsive field higher than 9, the power used varying from case to case (Lennard-Jones I931)-Also the use of a single term to the power of 5 for the attractive field is not justified. Another objection is th at in a wave mechanical treatm ent the repulsive field follows an exponential law with distance and thus an inverse power law for the repulsive field cannot be correct. The reaction between atom and ion when they are within close range may consequently be very different from th at given by the classical model.
At the same time in the absence of a general wave mechanical analysis one would expect on general grounds a better agreement with experiment by replacing the concept of elastic spheres by point centres of forces provided the most suitable power law could be found. For this reason Pearce compared his experimental results on the temperature variation for Na+ and Cs+ in He with the two theories and showed th at they bracketed his results in such a way as to suggest th a t by using a power law of repulsion higher than 9, say 13, a better agreement could be reached. I t is therefore natural to make a similar comparison with the new results recorded above.
Pearce (1936) plotted the values of certain parameters and attem pted to fit the graph so obtained to the experimental graph of log kp with log T by keeping the corresponding pairs of axes parallel and shifting the point of origin of one of the graphs until the best possible fit is obtained. If the fit is good then the values of the arbitrary constants in the theoretical expression can be deduced from the intercepts of the axes. If the fit is only fair the deviation suggests the direction in which modification in the theories are required. In figure 1 the two dotted graphs (c) Langevin, (d) Hasse and Cook, are taken from Pearce's paper and fitted in this way to his results for Cs+ in He. I t was the way in which the theoretical curves bracket his results th at led him to suggest that a power of repulsive force higher than 9 might give a much better fit.
But when one applies the same process to the results of this paper shown in the other graphs in the figure, it is fairly obvious even by eye th at no appreciable portion of the theoretical graphs (c) and (d) can be fitted to the experimental results by shifting them by movements parallel to the axes. I t is true th at Li+ in He, though giving no certain fit anywhere, falls with the other ions in He within the bracketing scheme; but the graphs for K+ in A, Cs+ in Xe and Rb+ in K r are quite different in shape and slope and clearly cannot be reconciled with the theoretical graphs. These results make it clear that the partial success of the classical model in He is not obtained in other cases. Moreover, the fact that, on comparing the various results, the deviations from the theoretical graphs are so widely different in character strongly suggests that each case must be treated separately and cannot be expressed in such simple terms as those on which the classical models are based. A quantum mechanical treatment for each individual case seems to be required and it is hoped that the experimental data here recorded may ultimately be of use in this connexion.
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